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BLDC MOTOR NOISE REDUCTION USING CONSTANT BUS CURRENT 

CONTROL COMMUTATION 

This application is a continuation-in-part of copending U.S. Patent 
application number 09/669,826 filed on September 26, 2000. 

TECHNICAL FIELD 

[0001] The present invention relates generally to motor control systems. More 
particularly, the invention relates to a motor control system that reduces acoustic 
noise in brushless DC motors by forcing subsequent phases of the motor to 
share a fixed current at commutation. 

BACKGROUND 

[0002] The development of technology in the office automation industry has 
often been driven by the need for quieter equipment. Quieter equipment typically 
requires quieter components and underlying systems. For example, the standard 
office photocopier will have thousands of components, and a large majority of 
these components will be candidates for reducing acoustic noise emanating from 
the copier. Another driving force behind the advancement of technology in the 
office automation industry is cost. It is easy to understand that an ongoing 
demand for less expensive equipment operating at the same quality level 
determines the extent to which noise can be reduced. 

[0003] Motors are used in all types of office equipment for a seemingly endless 
number of purposes. While AC motors generate relatively small amounts of 
acoustic noise and are sometimes used in office equipment, a number of factors 
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limit their attractiveness. For example, the relatively high power consumption of 
AC motors typically requires larger, more expensive power supplies. 
Furthermore, the office automation industry often requires efficient operation and 
dynamic control. As will be discussed in greater below, efficient operation and 
dynamic control are generally more difficult to achieve with AC motors due to 
synchronization issues. Thus, while AC motors can often be driven at relatively 
low noise levels, additional requirements such as power consumption and 
synchronization may dictate the use of different types of motors. 
[0004] Three phase brushless DC (BLDC) motors can be very quiet when 
driven with a control capable of supplying sine wave currents to the motor. The 
reduction in noise is largely due to the fact that as each phase is excited, there is 
a smooth transition between minimum phase current and maximum phase 
current (and vice versa for de-excitation). It is in fact the smooth changing of 
currents and resultant forces that keeps the motor from resonating and thereby 
generating noise. Simply put, the motor (a resonating mechanical structure) only 
receives mechanical excitation at the frequency of the sine wave and therefore 
generates less acoustic noise. 

[0005] On the other hand, driving BLDC motors with sine wave currents 
typically results in the synchronization and power consumption problems 
discussed above for the case of AC motors. This is important because in the 
office automation industry, synchronization is often paramount. Synchronization 
essentially involves matching the phase currents (and resulting phase 
excitations) with the speed of the rotor. Thus, the complicated current transitions 
associated with sine wave currents can be quite difficult to predict and control 
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when dealing with a high speed motor. To further complicate matters, dynamic 
speed changes (often occurring between commutation steps) make the task of 
synchronizing the sine wave currents to the rotor even more difficult. 
[0006] Driving the BLDC motor with square wave currents, on the other hand, 
resolves many of the above synchronization issues. Square wave currents have 
sharp rising and falling edges and are much easier to predict and control. 
Furthermore, square wave drive systems typically use three hall effect sensors to 
pick up the signals necessary to commutate the motor. Thus, the hall effect 
sensors provide a reliable mechanism for detecting speed changes between 
commutation steps. Since the synchronization benefits associated with square 
wave control translate into cost and size improvements, conventional motor 
control systems supply square wave currents to the motor. 

[0007] In such cases, however, the acoustic benefits provided by BLDC motors 
are reduced because the rising and falling edges of the square wave currents 
produce acoustic noise in the motor at the commutation frequency. As already 
mentioned, acoustic noise is heavily dependent upon the excitation frequencies 
associated with the drive current. The frequency content of square wave currents 
is in fact very frequency "rich". More importantly, the rising and falling edges of 
the square wave currents are the primary source of these additional frequencies. 
It is also important to note that in addition to an increased number of excitation 
frequencies, the amplitude of these frequencies also increases under traditional 
square wave control. It is therefore desirable to provide a motor control system 
that produces the acoustic noise reduction benefits associated with sine wave 
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currents, and the reduced synchronization costs associated with square wave 
currents. 

SUMMARY OF THE INVENTION 
[0008] The above and other objectives are provided by a system and method 
in accordance with the present invention for controlling a motor. The control 
system includes a voltage source for providing a DC bus current, and an inverter. 
The inverter has a switching circuit for regulating the DC bus current to a fixed 
level. The switching circuit also forces consecutive phases of the motor to share 
the bus current at commutation. Forcing consecutive phases of the motor to 
share a desired amount of the DC bus current creates a "rounding" effect on the 
phase currents, which results in reduced acoustic noise. 

[0009] Further in accordance with the present invention, an inverter for a motor 
control system is provided. The inverter has a plurality of transistors, and a 
control module. The control module selectively engages the transistors such that 
each phase of the motor has a phase turn on point that occurs before a phase 
turn off point of a preceding phase. The control module also pulse width 
modulates the transistors such that the DC bus current is regulated to the fixed 
level. 

[0010] In another aspect of the invention, a method for controlling a motor 
includes the step of determining a fixed level for a DC bus current. The DC bus 
current is then regulated to the fixed level, and consecutive phases of the motor 
are forced to share the bus current at commutation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The various advantages of the present invention will become apparent 
to one skilled in the art by reading the following specification and subjoined 
claims and by referencing the following drawings in which: 
[0012] FIG. 1 is a flowchart of a method for controlling a motor in accordance 
with the present invention; 

[0013] FIG. 2 is a circuit schematic of a motor control system in accordance 
with a preferred embodiment of the present invention; 

[0014] FIG. 3 is a plot showing conventional bus currents, useful in 
understanding the invention; 

[0015] FIG. 4 is a plot showing bus currents in accordance with the present 
invention; 

[0016] FIG. 5 is a plot showing conventional phase currents, useful in 
understanding the present invention; and 

[0017] FIG. 6 is a plot of phase currents in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0018] DC motor is shown generally at 10. It will be appreciated that while the 
present invention will be described with respect to a brushless DC (BLDC) motor, 
the benefits associated with the present invention can be achieved with other 
types of motors. It can be seen at step 12 that a fixed level for a DC bus current 
is determined. This fixed level will serve as a reference point for future steps. At 
step 14 the DC bus current is regulated to the fixed level. The method further 
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provides for forcing consecutive phases of the motor to share the bus current at 
commutation at step 16. As will be discussed below, the preferred approach to 
forcing current sharing involves selectively enabling a plurality of transistors such 
that each phase of the motor has a phase turn on point that occurs before a 
phase turn off point of the preceding phase. The transistors are coupled to a 
voltage source (DC bus) and the motor. As will also be discussed below, 
regulation of the DC bus current is preferably achieved by pulse width modulating 
a plurality of transistors, where the transistors are coupled to a voltage source 
and the motor. It will be appreciated that, providing a fixed current and forcing 
current sharing of this current effectively allows a standard square wave to be 
rounded into a more sinusoidal shape. The result is a significant reduction in 
acoustic noise without the added expense of sine wave control. 
[0019] Suppose, for example, that a BLDC motor has three phases A, B, and 
C. Suppose further that the DC bus current is regulated to a fixed level of 1 mA. 
When phase A is at full excitation, 1 mA will be flowing through the corresponding 
phase A winding. As the next commutation approaches, the phase turn-on point 
of phase B is moved ahead in time to occur before the phase turn-off point of 
phase A. Thus, the amount of current flowing through the phase B winding 
gradually increases from approximately zero to say, 0.1 mA. Thus, the phase A 
current must decrease to .9 mA. This distribution trend continues to 0.2/0.8, 
0.3/0.7 and so on, until all of the DC bus current flows through the phase B 
winding. The square wave phase currents are therefore rounded to more closely 
resemble sine wave currents. 
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[0020] While the above method significantly reduces acoustic noise, it is 
important to note that there is also an efficiency tradeoff. Specifically, as the 
overlap between consecutive phases is increased, the maximum achievable 
torque is reduced. Simply put, there is an optimal amount of current sharing that 
will provide the desired level of efficiency and noise for a given application. The 
presently preferred amount of overlap is 24° electrical. 

[0021] Turning now to FIG. 2, one approach to the above method is shown. 
Specifically, it can be seen that a preferred motor control system 20 has a voltage 
source 30 and an inverter 40. The voltage source 30 (V bus ) provides a DC bus 
current, that is used by a motor 22 to operate an attached load (not shown). The 
inverter 40 has a phase switching circuit 42 for regulating the DC bus current to a 
fixed level. In the illustrated embodiment, circuit 42 includes relatively simple 
current limiting circuitry which does not have the dynamic performance adequate 
to produce perfect sine waves at the desired frequency. Nevertheless, the 
switching circuit 42 forces consecutive phases of the motor to share the bus 
current at commutation. Specifically, the preferred switching circuit has a plurality 
of transistors Q1 through Q6 coupled to the motor 22 and the voltage source 30. 
A control module 46 is coupled to the transistors and can be implemented by any 
number of hardware/software techniques currently known in the art. For 
example, the control module 46 may be a microprocessor programmed to 
execute the required steps discussed herein. 

[0022] In the preferred embodiment, the control module 46 forces current 
sharing by selectively enabling the transistors such that each phase of the motor 
22 has a phase turn-on point that occurs before a phase turn-off point of a 
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preceding phase. This may be achieved by either advancing the phase turn-on 
point in time or delaying the phase turn-off point in time or a combination thereof. 
[0023] It will also be appreciated that the control module 46 also regulates the 
DC bus current to the fixed level by pulse width modulating the transistors. Thus, 
by switching the transistors at high frequency and adjusting the ratio of the time a 
transistor is switched on to the time a transistor is switched off, the current 
flowing in the DC bus can be regulated. This type of inverter is commonly called 
a voltage source inverter. In order to regulate the DC bus current in a closed 
loop fashion, the inverter further includes a current measurement device such as 
a shunt resistor 44 having the value R shU nt for measuring the DC bus current. The 
control module 46 therefore pulse width modulates the transistors based on the 
measured DC bus current. Specifically, the resistor 44 is connected in series 
with a negative rail of the voltage source 30, and the control module 46 pulse 
width modulates the transistors based on a voltage drop across the resistor 44. 
[0024] It is important to note that the above-described shunt resistor 44 is only 
one approach to measuring the DC bus current. In fact, the shunt resistor 
approach was chosen primarily for the purposes of simplicity and explanation. 
Other current measurement systems are well-known in the art and can readily be 
used in place of shunt resistor 44. 

[0025] Turning now to FIGs. 3 and 4, operation of the preferred embodiment 
will be better understood. Specifically, FIG. 3 demonstrates a conventional 
approach to driving BLDC motors. It can be seen that the phase turn on point 50 
for each phase occurs after the phase turn off point 52 for the previous phase. 
This results in very sharp rising and falling edges that produce acoustic noise at 
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the commutation frequency. FIG. 4, on the other hand, shows the bus current 
distribution under the present invention. Here, it can be seen that the phase turn 
on points 50 have been advanced in time to occur before the phase turn off 
points 52. The result is an overlap time At in which subsequent phases share 
the fixed current provided by the DC bus. It can be seen that the resulting 
shapes of the bus current traces are rounded, which leads to reduced acoustic 
noise. 

[0026] To better demonstrate the motor phase currents, FIGs. 5 and 6 are 
provided. Once again, in FIG. 5 it can be seen- that the phase A trace 60 and the 
phase B trace 62 have sharp rising and falling edges that indicate increased 
noise. FIG. 6, on the other hand, shows that the phase A trace 70 and the phase 
B trace 72 of the present invention have sloped edges due to the sharing of the 
bus current during commutation. 

[0027] As already noted, the present invention provides a solution to reducing 
costs as well as reducing noise. Specifically, the present invention represents an 
improvement over conventional square wave approaches in that acoustic noise is 
reduced by forced sharing of a fixed amount of current. The present invention 
also represents an improvement over conventional approaches involving the 
application of sine wave currents in that costs are significantly reduced. 
[0028] Those skilled in the art can now appreciate from the foregoing 
description that the broad teachings of the present invention can be implemented 
in a variety of forms. Therefore, while this invention has been described in 
connection with particular examples thereof, the true scope of the invention 
should not be so limited since other modifications will become apparent to the 
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skilled practitioner upon a study of the drawings, specification and following 
claims. 
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